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LIPOXIN ANALOGS AS NOVEL INHIBITORS 
OF ANGIOGENESIS 

CROSS REFERENCE TO RELATED 

APPLICATION(S) 

This application is a divisional of and claims priority to 
US. application Ser. No. 10/615,361, ?led Jul. 8, 2003, noW 
abandoned Which is a divisional application of US. patent 
application Ser. No. 10/086,609, ?led Mar. 1, 2002, now US. 
Pat. No. 6,627,658, Which claims bene?t ofU.S. Provisional 
Patent Application Ser. No. 60/272,931, ?led Mar. 2, 2001. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

The US. government may have rights in this invention 
pursuant to National Institute of Health Grant Nos. GM38765 
and P01 -DE13499. 

BACKGROUND OF THE INVENTION 

Angiogenesis is a fundamental process by Which neW cap 
illaries are formed from existing blood vessels. This process 
plays important roles in physiological events such as forma 
tion of the corpus luteum, development of the embryo and 
Wound healing, including recovery from both myocardial 
ischemia and peptic ulcer (1). Unregulated groWth of blood 
vessels can contribute to tissue injury in a large number of 
diseases such as arthritis, diabetes, and tumor progression (2). 
Endothelial cells are normally quiescent and are activated 
during the angiogenic response. Upon stimulation, endothe 
lial cells can degrade their basement membrane and proximal 
extracellular matrix, migrate directionally, then divide and 
organiZe into functional capillaries invested by a neW basal 
lamina (3). 

There is a groWing body of evidence demonstrating that the 
angiogenic sWitch is regulated by the net balance betWeen 
positive and negative regulators of neW capillary groWth (2). 
Persistence of neovasculariZation requires a pro-angiogenic 
environment, With the expression of angiogenic factors out 
Weighing that of angiostatic factors. A range of peptides can 
in?uence this balance, including mitogenic factors such vas 
cular endothelial groWth factor (V EGF) (3), nonmitogenic 
factors (selected cytokines, CXC chemokines), and internal 
peptide fragments of angiostatin and endostatin (3). Certain 
eicosanoids also have potent biologic actions on vascular 
endothelial cells. In rabbits, PGE2, PGRZOL, and prostacylin 
(PGI2) stimulate angiogenesis Where prostaglandin E series, 
in particular PGEl, is most potent. PGE2 is a potent inducer of 
VEGF expression in synovial ?broblasts. In addition to its 
knoWn vasodilator and antiplatelet properties, PGI2 can also 
induce VEGF gene expression and protein synthesis (4). 

It Was recently reported that 12-lipoxygenase activity and 
one of its products, 12(S)-HETE, is required for angiogenic 
responses (5), and that P450-derived 12R-HETE stimulates 
angiogenesis via NF-kB (6). The cyclooxygenase-2 (COX-2) 
gene in endothelial cells is rapidly upregulated by several 
groWth factors as Well as inducers of angiogenesis (7). Along 
these lines, results using three different endothelial cell mod 
els shoW that COX-2 is an essential component of angiogen 
esis, at least in vitro (8). Nonsteroidal anti-in?ammatory 
drugs such as aspirin (ASA) have been implicated in the 
prevention of certain cancers such as lung and colon cancer 
(9, 10) that might be related to ASA’s ability to reduce angio 
genesis (7). 
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A need therefore exists, for compositions and methods to 

prevent angiogenesis that are directed toWard the disease 
process, such that angiogenesis is prevented or inhibited 
physiologically. A need also exists for compositions and 
methods that induce angiogenesis in tissue that is lacking the 
requisite or essential physiological requirements for sustain 
ability. 

SUMMARY 

Proliferative states such as chronic in?ammation, ischemic 
diseases and cancer are often accompanied by intense angio 
genesis, a highly orchestrated process involving vessel 
sprouting, endothelial cell migration, proliferation and matu 
ration. Aspirin-triggered lipoxins (ATL), the 15R enantio 
meric counterparts oflipoxins (LXs), are endogenous media 
tors generated during multicellular responses that display 
potent immunomodulatory actions. Surprisingly, it has been 
discovered that LXs, ATLs, and more speci?cally, the ATL 
stable analogs, 15-epi-16-(para-?uoro)-phenoxy-lipoxin A4 
(denoted ATL-1), LXA4, 15-epi-LXA4 and 15-R/S-methyl, 
LXA4 are potent inhibitors of angiogenesis. For example, 
ATL-1, LXA4, 15-epi-LXA4 and 15-R/S-methyl, LXA4 each 
inhibited endothelial cell proliferation in the 1-10 nM range 
by ~50% in cells stimulated With either vascular endothelial 
groWth factor (VEGF) at 3 ng/ml or leukotriene D4 (10 nM). 
In addition, ATL-1 (in a 10-100 nM range) inhibited VEGF (3 
ng/ml)-induced endothelial cell chemotaxis. In a granuloma 
in vivo model of in?ammatory angiogenesis, ATL-1 treat 
ment (10 ug/mouse) reduced by ~50% the angiogenic pheno 
type, as assessed by both vascular casting and ?uorescence. 
Together, these results identi?ed a novel and potent previ 
ously unappreciated action of aspirin-triggered 15-epi-LX. 

In one aspect, the present invention pertains to methods for 
the prevention, reduction or inhibition of angiogenesis. The 
method is accomplished by the administration of an effective 
amount of LXA4 and analogs thereof, such as 15-R/S methyl, 
LXA4, and pharmaceutically acceptable salts, esters, amides 
or prodrugs thereof, to a subject in need thereof. As a conse 
quence of the action of the therapeutic agent, angiogenesis is 
prevented or inhibited in the subject. 

In another aspect, the present invention also pertains to 
methods for the prevention or inhibition of angiogenesis. The 
method is accomplished by the administration of an effective 
amount of an aspirin triggered lipoxin (ATL) (15-epi-LXA4, 
such as 15-epi-16-(para-?uoro)-phenoxy-lipoxin A4 (ATL 
1)), and pharmaceutically acceptable salts, esters, amides or 
prodrugs thereof, to a subject in need thereof. As a conse 
quence of the action of the therapeutic agent, angiogenesis is 
prevented or inhibited in the subject. 

In still another aspect, the present invention pertains to 
methods for the prevention or inhibition of solid tumor tissue 
groWth undergoing neovasculariZation in a subject. The 
method is accomplished by the administration of an effective 
amount of an aspirin triggered lipoxin (ATL) (15-epi-LXA4, 
such as 15-epi-16-(para-?uoro)-phenoxy-lipoxin A4 (ATL 
1)), and pharmaceutically acceptable salts, esters, amides or 
prodrugs thereof, to a subject in need thereof, to a subject in 
need thereof. 

In another aspect, the present invention pertains to methods 
for the prevention or inhibition of solid tumor tissue groWth 
undergoing neovasculariZation in a subject. The method is 
accomplished by the administration of an effective amount of 
LXA4 and analogs thereof, such as 15 -R/S methyl, LXA4, and 
pharmaceutically acceptable salts, esters, amides or prodrugs 
thereof, to a subject in need thereof. 
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In yet another aspect, the present invention is directed to 
methods to inhibit or prevent neovasculariZation from occur 
ring in a subject. The method is accomplished by the admin 
istration of an effective amount of LXA4 and analogs thereof, 
such as l5-R/S methyl, LXA4, and pharmaceutically accept 
able salts, esters, amides or prodrugs thereof, to a subject in 
need thereof. 

In yet another aspect, the present invention is directed to 
methods to inhibit or prevent neovasculariZation from occur 
ring in a subject. The method is accomplished by the admin 
istration of an effective amount of an aspirin triggered lipoxin 
(ATL) (l5-epi-LXA4, such as l5-epi-l6-(para-?uoro)-phe 
noxy-lipoxin A4 (ATL-1)), and pharmaceutically acceptable 
salts, esters, amides or prodrugs thereof, to a subject in need 
thereof. 

The invention is also directed to methods for treating a 
subject in Which neovasculariZation is occurring in retinal 
tissue. The neovasculariZation in the retinal tissue can be 
prevented or inhibited by administering an effective amount 
of LXA4 and analogs thereof, such as l5-R/S methyl, LXA4, 
and pharmaceutically acceptable salts, esters, amides or pro 
drugs thereof, to a subject in need thereof. 

The present invention is further directed to methods for 
treating a subject in Which neovasculariZation is occurring in 
retinal tissue. The neovasculariZation in the retinal tissue can 
be prevented or inhibited by administering an effective 
amount of an aspirin triggered lipoxin (ATL) (l 5-epi-LXA4, 
such as l5-epi-l6-(para-?uoro)-phenoxy-lipoxin A4 (ATL 
l)), and pharmaceutically acceptable salts, esters, amides or 
prodrugs thereof, to a subject in need thereof. 

The invention is further directed to methods for treating a 
subject for restenosis in tissue Wherein smooth muscle cell 
migration occurs folloWing angioplasty. The restenosis can 
be prevented or inhibited by administering an effective 
amount of LXA4 and analogs thereof, such as l5-R/S methyl, 
LXA4, and pharmaceutically acceptable salts, esters, amides 
or prodrugs thereof, to a subject in need thereof. 

The invention is directed to methods for treating a subject 
for restenosis in tissue Wherein smooth muscle cell migration 
occurs folloWing angioplasty. The restenosis can be pre 
vented or inhibited by administering an effective amount of 
an aspirin triggered lipoxin (ATL) (l5-epi-LXA4, such as 
l5-epi-l 6-(para-?uoro)-phenoxy-lipoxin A4 (ATL-1)), and 
pharmaceutically acceptable salts, esters, amides or prodrugs 
thereof, to a subject in need thereof. 

In still another embodiment, the invention pertains to meth 
ods of reducing blood supply to tissue required to support neW 
groWth of the tissue in a subject. This reduction or elimination 
of neW undesired groWth of tissue can be accomplished by the 
administration of a composition comprising an effective 
amount of LXA4 and analogs thereof, such as l5-R/S methyl, 
LXA4, and pharmaceutically acceptable salts, esters, amides 
or prodrugs thereof, to a subject in need thereof. 

The invention further pertains to methods of reducing 
blood supply to tissue required to support neW groWth of the 
tissue in a subject. This reduction or elimination of neW 
undesired groWth of tissue can be accomplished by the 
administration of a composition comprising an effective 
amount of an aspirin triggered lipoxin (ATL) (l 5-epi-LXA4, 
such as l5-epi-l6-(para-?uoro)-phenoxy-lipoxin A4 (ATL 
l)), and pharmaceutically acceptable salts, esters, amides or 
prodrugs thereof, to a subject in need thereof. 

Further, the present invention pertains to methods for the 
prevention, diminishment or inhibition the production of neW 
vessels in a subject associated With or stimulated by the 
production or release of VEGF. The method is accomplished 
by the administration of an effective amount of a therapeutic 
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agent, including LXA4 and analogs thereof, such as l5-R/S 
methyl, LXA4, and pharmaceutically acceptable salts, esters, 
amides or prodrugs thereof, to a subject in need thereof. 
Alternatively, an effective amount of an aspirin triggered 
lipoxin (ATL) (l5-epi-LXA4, such as l5-epi-l6-(para 
?uoro)-phenoxy-lipoxin A4 (ATL-1)), and pharmaceutically 
acceptable salts, esters, amides or prodrugs thereof can be 
utiliZed. As a consequence of the action of the therapeutic 
agent, groWth of neW vessels associated With the production 
of VEGF is prevented or inhibited and thus the groWth of 
endothelial cells in the subject. For example, VEGF is asso 
ciated With tumor genesis, lymphoangiogenesis and prolif 
erative disorders. The invention therefore, can be used to 
inhibit, reduce or prevent metasasis of tumors. 

Surprisingly, con?gurational isomers of LXA4, LXA4 ana 
logs and ATL analogs, LXB4 and LXB4 analogs and pharma 
ceutically acceptable salts, esters, amides or prodrugs 
thereof, provide the opposite effects With regard to revascu 
lariZation of tissue by the above-identi?ed compounds of the 
invention. That is, it has been surprisingly discovered that 
LXB4 and LXB4 analogs have the ability to stimulate regen 
eration and ingroWth of vascular or epithelial tissue in tissues 
that are in need of such stimulation. This is especially impor 
tant in tissue grafting, tissue engineering and prosthetic group 
sites of attachment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be more fully understood from the fol 
loWing detailed description taken in conjunction With the 
accompanying draWings, in Which: 

FIG. 1 demonstrates that ATL-l inhibits VEGF-stimulated 
HUVEC proliferation. HUVEC (5x103) Were plated in 
96-Well culture plates and cell proliferation Was stimulated 
With 3 ng/ ml VEGF. Three days after treatment, cell numbers 
Were measured using MTT assay. Results are expressed as 
percent inhibition of proliferation relative to vehicle and rep 
resent mean :SE for four independent experiments per 
formed in triplicate Inset: Representative experiment shoW 
ing the time course of cell proliferation induced by 3 ng/ml 
(?lled triangle) or 10 ng/ml (?lled square) VEGF. Vehicle 
(open circles) and ATL-l (100 nM) (open triangle). 

FIG. 2 demonstrates that ATL-l, as Well as LXA4, l5-epi 
LXA4 and l5-R/S-methyl, LXA4 each inhibit endothelial cell 
chemotaxis. (A) Chemotaxis Was initiated by addition of 
VEGF (3 ng/ml) or ATL-l (100 nM) to the loWer compart 
ment of a 48-Well chemotaxis chamber. Results are expressed 
as percent of cell migration compared to vehicle alone and 
represent meanzSE for three independent experiments per 
formed in triplicate (P<0.05). (B) HUVEC Were incubated 
With vehicle or indicated concentrations of ATL-l (15 min, 
370 C.) and added to the upper compartment of the micro 
chamber (l><l06/Well). Chemotaxis Was initiated by addition 
of VEGF (3 ng/ml) to the loWer compartment. Results are 
expressed as percent inhibition of migration relative to VEGF 
for a representative experiment performed in triplicate. 

FIG. 3 is a graphical representation demonstrating inhibi 
tion of HUVEC proliferation. (A) ATL-l inhibits LTD4 
stimulated HUVEC proliferation. HUVECs (5x103) Were 
plated in 96-Well culture plates, cell proliferation Was stimu 
lated With 10 nM LTD4, and cell numbers Were determined 
after 3 days using MTT. (B), concentration dependent cell 
proliferation induced by LTD4 and LTB4. Results are 
expressed as mean:S.E. for four independent experiments 
performed in triplicate. 

FIG. 4 demonstrates that ATL-l inhibits angiogenic phe 
notype in vivo. (A) Vascular index (VIImg carmine dye/mg 
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Weight of tissue) in day-6 murine air pouch. Animals received 
a local injection of ATL-1 (10 ug/pouch) or vehicle immedi 
ately before VEGF (1 ug/pouch), 24 h after raising the pouch. 
Results are expressed as the meanzSE for n:4 animals per 
group. *Denotes statistically signi?cant difference (P<0.05) 
from VEGF alone; (B) Cedar Wood oil histology of air pouch. 
Carmine dye vascular casts Were made in day-6 air pouch 
from mice treated locally With vehicle, ATL-1 (10 pg), VEGF 
(1 pg) or VEGF plus ATL-1. Tissue Was ?xed in ethanol and 
cleared in cedarWood oil. 

FIG. 5 depicts Anti-angiogenic action of ATL-1: ?uores 
cent microscopy. Representative ?uorescence photomicro 
graphs shoWing the anti-angiogenic action of ATL-1 (10 
ug/pouch) in the murine air pouch (see methods). 

FIG. 6 are photomicrographs of a murine air pouch. Immu 
nohistochemistry for murine air pouch CD31. Para?in-em 
bedded air pouch sections Were stained for CD31 from mice 
as in FIGS. 4 and 5 and treated With vehicle alone (A), analog 
alone (B), VEGF-treated mice (C), and VEGF plus ATL 
treated mice (D). Results are representative of eight separate 
mice each in duplicate. Magni?cation is 200x poWer and 
horseradish peroxidase With hematoxylin counterstain. 

DETAILED DESCRIPTION 

The features and other details of the invention Will noW be 
more particularly described and pointed out in the claims. It 
Will be understood that the particular embodiments of the 
invention are shoWn by Way of illustration and not as limita 
tions of the invention. The principle features of this invention 
can be employed in various embodiments Without departing 
from the scope of the invention. 

Abbreviations used throughout the present application 
include the folloWing and are included here for convenience. 
ASA, aspirin; ATL, aspirin-triggered 15-epi-lipoxins;ATL-1, 
15 -epi-16-(para-?uoro)-phenoxy-lipoxin A4; COX, 
cyclooxygenase; HETE, hydroxyeicosatetraenoic acid; 
HUVEC, human umbilical vein endothelial cells; IL, inter 
leukin; LO, lipoxygenase; LT, leukotriene; LX, lipoxin; 
LXA4, 5S,6R,15S-trihydroxy-7,9,13-trans-11-cis-eicosatet 
raenoic acid; 15-epi-LXA4, 5S,6R,15R-trihydroxy-7,9,13 
trans-11-cis-eicosatetraenoic acid; 15-R/S-methyl, LXA4, 
5S,6R,15R/S-trihydroxy-15-methyl-7,9,13-trans-11-cis 
eicosatetraenoic acid, methyl ester; LXB4, 5S,14R,15S-tri 
hydroxy-6,8,12-trans-10-cis-eicosatetraenoic acid; MTT, 
3-(4,5-dimethylthiaZol-2-yl)-2,5-diphenyltetraZolium; PBS, 
phosphate buffered saline; PG, prostaglandin; PMN, neutro 
phils; VEGF, vascular endothelial groWth factor. 

It is to be understood, that throughout the present speci? 
cation, reference is often made to the therapeutic compounds 
of the inventions as esters, for example, ATL-1 as a carboxylic 
ester, i.e., methyl ester. HoWever, all pharmaceutically 
acceptable salts, esters, amides, and prodrugs, including the 
carboxylic acid, are considered Within the scope of the inven 
tion for the LXA4, ATL and LXB4 compounds. For conve 
nience, this terminology has been minimiZed throughout the 
description but should be considered as part of the invention. 
Additionally, it should be understood that the terms LXA4, 
15-epi-LXA4 and 15-R/S-methyl, LXA4 also include all 
pharmaceutically acceptable salts, esters, amides, prodrugs 
and carboxylic acids. 

Additionally, the hydroxyl(s) of ATLs, LXA4s, and LXB4s 
can be protected by various protecting groups, such as those 
knoWn in the art. An artisan skilled in the art can readily 
determine Which protecting group(s) can be useful for the 
protection of the hydroxyl group(s). Standard methods are 
knoWn in the art and are more fully described in literature. For 
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6 
example, suitable protecting groups can be selected by the 
skilled artisan and are described in Green and Wuts, “Protect 
ing Groups in Organic Synthesis”, John Wiley and Sons, 
1991, the teachings of Which are incorporated herein by ref 
erence. Preferred protecting groups include TMS or TIPPS 
groups, and preferably acetate or proprionate groups. 

For example, one or more hydroxyl groups can be treated 
With a mild base, such as triethylamine in the presence of an 
acid chloride or silyl chloride to facilitate a reaction betWeen 
the hydroxyl ion and the halide. Alternatively, an alkyl halide 
can be reacted With the hydroxyl ion (generated by a base 
such as lithium diisopropyl amide) to facilitate ether forma 
tion. 

It should also be understood that not all hydroxyl groups 
need be protected. One, tWo or all three hydroxyl groups can 
be protected. This can be accomplished by the stoichiometric 
choice of reagents used to protect the hydroxyl groups. Meth 
ods knoWn in the art can be used to separate the mono, di- or 
tri-protected hydroxy compounds, e. g., HPLC, LC, ?ash 
chromatography, gel permeation chromatography, crystalli 
Zation, distillation, etc. 
One advantage of protecting one or more hydroxyl groups 

of ATL, LXA4, or LXB4 compounds, e.g., via acetates, is the 
ability to delay the complete metabolic uptake of the com 
pound(s). This is one means by Which the compound(s) can 
remain active over a prolonged period of time as the subject’ s 
body sloWly removes the protecting group from the hydroxyl 
under normal physiological conditions. Additionally, by pro 
tecting one or more of the hydroxyl groups of these com 
pounds, hydrolysis of the protecting group alloWs the medi 
cation to enter the biochemical pathWay of the subject prior to 
degradation of the parent, unprotected, compound. 

Methods to prepare lipoxin analogs (ATLs, LXA4s, or 
LXB4s) are knoWn in the art. For example, US. Pat. Nos. 
4,576,758, 4,560,514, 5,079,261, 5,049,681, 5,441,951, 
5,648,512, 5,650,435, 6,048,897, 6,100,296, 6,177,468 and 
6,316,648 and Japanese Patent Nos. 3,227,922, 63,088,153, 
62,198,677 and 1,228,994 describe approaches to prepare 
lipoxin analogs. Publications by K. C. Nicolaou et al. include 
approaches to various lipoxin compounds. (For example see, 
Nicolaou, K. C. et al. Biochim. Biophys. Acta 1003:44-53; 
Nicolaou, K. C. et al. J. Org. Chem. 54:5527-5535; and Nico 
laou, K. C.AngeW. Chem. Int. Ed. Engl.30:1100-1116.Addi 
tional literature references for the preparation of lipoxin ana 
logs include Takano, T., S. Fiore, J. F. Maddox, H. R. Brady, 
N. A. Petasis, and C. N. Serhan. 1997. Aspirin-triggered 
15-epi-lipoxin A4 and LXA4 stable analogs are potent inhibi 
tors of acute in?ammation: Evidence for anti-in?ammatory 
receptors. J. Exp. Med. 185:1693-1704 and Serhan, Charles 
N., Maddox, Jane E, Petasis, Nicos A., Akritopoulou-ZanZe, 
Irini, Papayianni, Aikaterina, Brady, Hugh R., Colgan, Sean 
P., and Madara, James L. (1995), Biochemistry, 34, pp. 
14609-14614. 

Aspirin’s therapeutic mechanism of action includes inhi 
bition of COX-derived prostanoids (10). It Was discovered 
that COX-2, When acetylated by ASA, blocks the ability of 
COX-2 to generate prostanoids, yet this enZyme remains 
active in endothelial cells, epithelial cells and mononuclear 
cells and initiates the biosynthesis of neW products of cell-cell 
interactions or transcellular biosynthesis termed aspirin-trig 
gered-15-epi-lipoxins (ATLs) (1 1). These novel endogenous 
lipid mediators are the carbon 15 epimers of LX that carry 
their 15 alcohol in the R con?guration compared to their 
native lipoxin (LX) counterparts and appear to mimic most if 
not all endogenous LX bioactivities. 

To date the actions of ATLs appear to be most relevant in 
regulating in?ammatory responses, since they are generated 



US 8,008,282 B2 
7 

during cell-cell interactions that can involve, for example, 
endothelial cells-neutrophils in vivo (12), and display potent 
inhibitory actions in several key and strategic events in 
in?ammation (12-14). Both LX and ATL actions include 
inhibiting adhesion and transmigration of neutrophils, and 
hence can serve as counterregulatory signals to limit and/or 
regulate leukocyte accumulation that are potentially opera 
tive in the dampening and resolution of in?ammatory sites 
(14). Since LX are rapidly generated and inactivated in the 
local microenvironment, to investigate these actions in vivo, 
stable analogs of both lipoxins, i.e., LXA4 and ATL Were 
designed that enhance bioavailabilities and these natural 
compounds bioactivities compared to their native products 
(14) and also proved to be ~100 times the potency of ASA 
(13). The present invention establishes that LXA4s and ATLs 
can regulate angiogenesis, a previously unknown and surpris 
ing application of these compounds. For example, using a 
metabolically more stable ATL synthetic analog [15-epi-16 
(para-?uoro)-phenoxy-lipoxin A4 (denoted ATL-1)], ATLs 
and LXA4 compounds, including, 15-epi-LXA4 or 15-R/S 
methyl, LXA4 and LXA4 proved to be potent angiostatic 
eicosanoid in vivo, identifying a neW activity for these endog 
enous mediators that is in sharp contrast to the actions of other 
eicosanoids and is relevant in several human diseases. 

In one aspect, the present invention pertains to methods for 
the prevention, diminishment or inhibition of angiogenesis. 
The method is accomplished by the administration of an 
effective amount of LXA4 and analogs thereof, such as 
15-R/S methyl, LXA4, and pharmaceutically acceptable 
salts, esters, amides or prodrugs thereof, to a subject in need 
thereof. As a consequence of the action of the therapeutic 
agent, angiogenesis is prevented, reduced or inhibited in the 
subject. More speci?cally, the therapeutic agents can be used 
in the treatment of the disease states and conditions of the 
angiogenic disease processes as described beloW. More spe 
ci?cally, the LXA4 and ATL therapeutic compounds 
described throughout the speci?cation can be used for the 
treatment of restenosis, solid tumor tissue groWth, neovascu 
lariZation, e.g., retinal tissue, and reducing blood supply to 
tissue required to support neW groWth of tissue in a subject. 

In another aspect, the present invention also pertains to 
methods for the prevention, reduction or inhibition of angio 
genesis in tissue of a subject. The method is accomplished by 
the administration of an effective amount of an aspirin trig 
gered lipoxin (ATL) (15-epi-LXA4, such as 15-epi-16-(para 
?uoro)-phenoxy-lipoxin A4 (ATL-1)), and pharmaceutically 
acceptable salts, esters, amides or prodrugs thereof, to a sub 
ject in need thereof. As a consequence of the action of the 
therapeutic agent, angiogenesis is prevented or inhibited in 
the subject. 

The invention thus provides for a method for the general 
inhibition of angiogenesis in tissue, and thereby inhibits or 
prevent events in the tissue Which depend upon angiogenesis. 
Generally, the method comprises administering to the tissue a 
composition comprising an angiogenesis-inhibiting amount 
of, for example, ATL-1, LXA4, 15-epi-LXA4 or 15-R/S-me 
thyl, LXA4. 
As used herein, the term “angiogenesis” means the forma 

tion of neW blood vessels into a tissue or organ. Under normal 
physiological conditions, humans or animals only undergo 
angiogenesis in very speci?c restricted situations. For 
example, angiogenesis is associated With Wound healing, 
fetal and embryonal development and formation of the corpus 
luteum, endometrium and placenta. The biochemical aspects 
of angiogenesis are associated With a highly regulated system 
of angiogenic stimulators and inhibitors. Controlled angio 
genesis has been found to be altered in certain disease states 
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8 
and, in many cases, the pathological damage associated With 
the disease is related to the uncontrolled angiogenesis. 
The bioprocesses of controlled and uncontrolled angiogen 

esis are thought to occur in a similar manner. Endothelial cells 
and pericytes, surrounded by a basement membrane, form 
capillary blood vessels. Erosion of the basement membrane 
promotes angiogenesis by enZymes released by endothelial 
cells and leukocytes. The endothelial cells, Which line the 
lumen of blood vessels, then break through the basement 
membrane. Angiogenic stimulants induce the endothelial 
cells to migrate through the eroded basement membrane. The 
migrating cells form an offshoot from the parent blood vessel, 
Where the endothelial cells undergo mitosis and proliferate. 
The endothelial offshoots can merge With each other to form 
capillary loops, creating a neW blood vessel. In the disease 
state, prevention of angiogenesis could avert the damage 
caused by the invasion of the neW microvascular system. 

Persistent, unregulated angiogenesis can occur in a multi 
plicity of disease states, tumor metastasis and abnormal 
groWth by endothelial cells and supports the pathological 
damage seen in these conditions. The diverse pathological 
states created due to unregulated angiogenesis have been 
grouped together as angiogenic dependent or angiogenic 
associated diseases. The present invention provides therapies 
that are directed to control the angiogenic processes thus 
leading to the abrogation or mitigation of these diseases. With 
the exception of traumatic Wound healing, corpus leuteum 
formation and embryogenesis, it is believed that angiogenesis 
processes are associated With undesired, and often life threat 
ening, disease processes and therefore, the use of the present 
therapeutic methods are selective for the disease, i.e., angio 
genesis, and do not have deleterious side effects. 
The folloWing angiogenic diseases can be treated accord 

ing to the present invention by use of the afore-mentioned 
ATLs, such as ATL-1 or LXA4s such as 15-R/S-methyl, 
LXA4. These angiogenic diseases include, but are not limited 
to, the folloWing: 
One example of a disease mediated by angiogenesis is 

ocular neovascular disease. This disease is characteriZed by 
invasion of neW blood vessels into the structures of the eye 
such as the retina or cornea. It is perhaps, one of the most 
common causes of blindness and is involved in over tWenty 
eye diseases. For example, in age-related macular degenera 
tion, the associated visual problems are caused by an 
ingroWth of chorioidal capillaries through defects in Bruch’s 
membrane With proliferation of ?brovascular tissue beneath 
the retinal pigment epithelium. Angiogenic damage is also 
associated With diabetic retinopathy, retinopathy of prematu 
rity, corneal graft rejection, neovascular glaucoma and retro 
lental ?broplasia. Other diseases associated With corneal 
neovasculariZation include, but are not limited to, VitaminA 
de?ciency, contact lens overWear, atopic keratitis, superior 
limbic keratitis, epidemic keratoconjunctivitis, pterygium 
keratitis sicca, sjogrens, acne rosacea, lipid degeneration, 
chemical burns, bacterial ulcers, fungal ulcers, phylectenulo 
sis, syphilis, Mycobacteria infections, Herpes simplex infec 
tions, Herpes Zoster infections, Wegeners sarcoidosis, Scleri 
tis, Steven’s Johnson syndrome, periphigoid radial 
keratotomy, protoZoan infections, Kaposi sarcoma, Mooren 
ulcer, Terrien’s marginal degeneration, marginal keratolysis, 
rheumatoid arthritis, systemic lupus, polyarteritis, trauma, 
and corneal graph rejection. 

Diseases associated With retinal/choroidal neovasculariZa 
tion include, but are not limited to, diabetic retinopathy, vein 
occlusion, artery occlusion, carotid obstructive disease, 
chronic uveitis/vitritis, mycobacterial infections, Lyme’s dis 
ease, systemic lupus erythematosis, macular degeneration, 
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sickle cell anemia, sarcoid, syphilis, pseudoxanthoma elasti 
cum, Pagets disease, retinopathy of prematurity, Eales dis 
ease, Bests disease, myopia, optic pits, Stargarts disease, pars 
planitis, chronic retinal detachment, hyperviscosity syn 
dromes, toxoplasmosis, Bechets disease, infections causing a 
retinitis or choroiditis, presumed ocular histoplasmosis, 
trauma and post-laser complications. Other diseases include, 
but are not limited to, diseases associated With rubeosis and 
diseases caused by the abnormal proliferation of ?brovascu 
lar or ?brous tissue including all forms of proliferative vit 
reoretinopathy. 
An even more prevalent disease in Which angiogenesis is 

believed to be involved is rheumatoid arthritis. For example, 
the blood vessels in the synovial lining of the joints undergo 
angiogenesis. In addition to forming neW vascular networks, 
the endothelial cells release factors and reactive oxygen spe 
cies that lead to pannus groWth and cartilage destruction. It is 
believed that the factors involved in angiogenesis can actively 
contribute to, and help maintain, the chronically in?amed 
state of rheumatoid arthritis. 

It is believed that factors associated With angiogenesis can 
also have a role in osteoarthritis. The activation of the chon 
drocytes by angiogenic-related factors contributes to the 
destruction of the joint. At a later stage, the angiogenic factors 
can promote neW bone formation. The present invention pro 
vides therapeutic intervention that prevents the bone destruc 
tion and can halt the progress of the disease and provide relief 
for persons suffering With arthritis. 

Both ulcerative colitis and Crohn’s disease are knoWn to 
have histological changes With the ingroWth of neW blood 
vessels into the in?amed tissues. Bartonellosis, can result in a 
chronic stage that is characterized by proliferation of vascular 
endothelial cells. An even more insidious pathological role 
associated With angiogenesis is found in arteriosclerosis. The 
plaquing of the lumen of blood vessels has been shoWn to 
have angiogenic stimulatory activity. 
A frequent angiogenic disease of childhood is heman 

gioma. Generally, the tumors associated With the disease are 
benign and regress Without intervention. In more severe 
cases, the tumors groW and create clinical complications. 
Systemic forms of hemangiomas, the hemangiomatoses, 
have a high mortality rate. Therapy-resistant hemangiomas 
exist that cannot be treated With therapeutics currently in use. 

Angiogenesis is also responsible for damage found in 
hereditary diseases such as Osler-Weber-Rendu disease, or 
hereditary hemorrhagic telangiectasia. These diseases are 
characterized by multiple small angiomas, tumors of blood or 
lymph vessels. The angiomas are found in the skin and 
mucous membranes, often accompanied by epistaxis (nose 
bleeds) or gastrointestinal bleeding and sometimes With pul 
monary or hepatic arteriovenous ?stula. 
Of great concern is the disease state(s) associated With 

cancer(s). Often times, the cancer is associated With angio 
genesis and is identi?ed by solid tumor formation and 
metastasis. Angiogenic factors are associated With several 
solid tumors such as neuroblastoma, rhabdomyosarcomas, 
retinoblastoma, EWing sarcoma, and osteosarcoma. It is 
knoWn that a tumor cannot expand Without a blood supply to 
provide nutrients and remove cellular Wastes. Tumors in 
Which angiogenesis is important include solid tumors, and 
benign tumors such as acoustic neuroma, neuro?broma, tra 
choma and granulomas. Prevention or inhibition of angiogen 
esis could prevent or halt the groWth of these tumors and the 
subsequent degenerative condition due to the presence of the 
tumor. 

Angiogenesis has also been associated With blood-born 
tumors including leukemias, any of the various acute or 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
chronic neoplastic diseases of bone marroW in Which unre 
strained proliferation of White blood cells occurs, usually 
accompanied by anemia, impaired blood clotting, and 
enlargement of the lymph nodes, liver, and spleen. It is 
believed that angiogenesis is signi?cant as a caustive factor in 
the abnormalities in the bone marroW that give rise to leuke 
mia-like tumors. 

Angiogenesis is important in tWo stages of tumor metasta 
sis. The ?rst stage Where angiogenesis stimulation is impor 
tant is in the vascularization of the tumor Which alloWs tumor 
cells to enter the blood stream and to circulate throughout the 
body. Once the tumor cells leave the primary site, and ?nd a 
secondary metastasis site, angiogenesis must occur before the 
neW tumor can groW and expand. Therefore, prevention of 
angiogenesis could prevent metastasis of tumors and contain 
the neoplastic groWth at the primary site. 

In a related embodiment, the present invention can be used 
in combination With other therapies such as conventional 
chemotherapy directed against solid tumors and metastases. 
ATLs, such as ATL-l or LXA4s, such as l5-R/S-methyl, 
LXA4, can be administered during or after chemotherapy. In 
a preferred embodiment, the drug should be administered 
When the tumor tissue is responding to the toxic assault When 
vascular tissue is being reorganized to supply blood and nutri 
ents to the tumor tissue. Additionally, the use of ATLs, such as 
ATL-l or LXA4s canbe used as a phrophylatic treatment after 
surgical removal of a tumor to prevent angiogenesis from 
occurring at the treatment site. 
Knowledge of the role of angiogenesis in the maintenance 

and metastasis of tumors has led to a prognostic indicator for 
breast cancer. The amount of neovascularization found in the 
primary tumor Was determined by counting the microvessel 
density in the area of the most intense neovascularization in 
invasive breast carcinoma. A high level of microvessel den 
sity Was found to correlate With tumor recurrence. Control of 
angiogenesis by therapeutic means could possibly lead to 
cessation of the recurrence of the tumors. 

Angiogenesis is also involved in normal physiological pro 
cesses such as reproduction and Wound healing. Angiogen 
esis is an important step in ovulation and also in implantation 
of the blastula after fertilization. Prevention of angiogenesis 
could be used to induce amenorrhea, to block ovulation or to 
prevent implantation by the blastula. 

ln Wound healing, excessive repair or ?broplasia can be a 
detrimental side effect of surgical procedures and can be 
caused or exacerbated by angiogenesis. Adhesions are a fre 
quent complication of surgery and lead to problems such as 
small boWel obstruction. 

Restenosis is a process of smooth muscle cell (SMC) 
migration and proliferation at the site of percutaneous trans 
luminal coronary angioplasty Which hampers the success of 
angioplasty. The migration and proliferation of SMC’ s during 
restenosis can be considered a process of angiogenesis Which 
is inhibited by the present methods. Therefore, the invention 
also contemplates inhibition, reduction or prevention of res 
tenosis by inhibiting, reducing or preventing angiogenesis 
according to the present methods in a subject folloWing 
angioplasty procedures. For inhibition or prevention of rest 
enosis, an ATL, such as ATL-l or an LXA4, such as l5-R/S 
methyl, LXA4, can be administered, preferably via intrave 
nous injection, several days before the operation or after the 
angioplasty procedure for from about 2 to about 28 days, and 
more typically for about the ?rst 14 days folloWing the pro 
cedure. 
The term “subject” as used herein refers to any living 

organism in Which an angiogenic response is elicited. The 
term subject includes, but is not limited to, humans, nonhu 



US 8,008,282 B2 
11 

man primates such as chimpanzees and other apes and mon 
key species; farrn animals such as cattle, sheep, pigs, goats 
and horses; domestic mammals such as dogs and cats; labo 
ratory animals including rodents such as mice, rats and guinea 
pigs, and the like. The term does not denote a particular age or 
sex. Thus, adult and neWborn subjects, as Well as fetuses, 
Whether male or female, are intended to be covered. 

The term “mammal” as used herein refers to a living organ 
ism capable of eliciting an immune response to an antigen. 
The term subject includes, but is not limited to, nonhuman 
primates such as chimpanZees and other apes and monkey 
species, sheep, pigs, goats, horses, dogs, cats, mice, rats and 
guinea pigs, and the like. 

The term “pharmaceutically acceptable salts, esters, 
amides, and prodrugs” as used herein refers to those carboxy 
late salts, amino acid addition salts, esters, amides, and pro 
drugs of the compounds of the present invention Which are, 
Within the scope of sound medical judgment, suitable for use 
in contact With the tissues of patients Without undue toxicity, 
irritation, allergic response, and the like, commensurate With 
a reasonable bene?t/ri sk ratio, and effective for their intended 
use of the compounds of the invention. The term “salts” refers 
to the relatively non-toxic, inorganic and organic acid addi 
tion salts of compounds of the present invention. These salts 
can be prepared in situ during the ?nal isolation and puri? 
cation of the compounds or by separately reacting the puri?ed 
compound in its free base form With a suitable organic or 
inorganic acid and isolating the salt thus formed. These can 
include cations based on the alkali and alkaline earth metals, 
such as sodium, lithium, potassium, calcium, magnesium and 
the like, as Well as non-toxic ammonium, quaternary ammo 
nium, and amine cations including, but not limited to ammo 
nium, tetramethylammonium, tetraethylammonium, methy 
lamine, dimethylamine, trimethylamine, triethylamine, 
ethylamine, and the like. (See, for example, Berge S. M., et 
al., “Pharmaceutical Salts,” J. Pharm. Sci., 1977; 66: 1-19 
Which is incorporated herein by reference). 

The term “prodrug” refers to compounds that are rapidly 
transformed in vivo to yield the parent compound of the above 
formulae, for example, by hydrolysis in blood. A thorough 
discussion is provided in T. Higuchi andV. Stella, “Pro-drugs 
as Novel Delivery Systems,” Vol. 14 of the A.C.S. Sympo 
sium Series, and in Bioreversible Carriers in Drug Design, ed. 
EdWard B. Roche, American Pharmaceutical Association and 
Pergamon Press, 1987, both of Which are hereby incorporated 
by reference. As used herein, a prodrug is a compound that, 
upon in vivo administration, is metaboliZed or otherWise con 
verted to the biologically, pharmaceutically or therapeuti 
cally active form of the compound. To produce a prodrug, the 
pharmaceutically active compound is modi?ed such that the 
active compound Will be regenerated by metabolic processes. 
The prodrug can be designed to alter the metabolic stability or 
the transport characteristics of a drug, to mask side effects or 
toxicity, to improve the ?avor of a drug or to alter other 
characteristics or properties of a drug. By virtue of knoWledge 
of pharrnacodynamic processes and drug metabolism in vivo, 
once a pharmaceutically active compound is identi?ed, those 
of skill in the pharmaceutical art generally can design pro 
drugs of the compound [see, e.g., Nogrady (1985) Medicinal 
Chemistry A Biochemical Approach, Oxford University 
Press, NeW York, pages 388-392]. Conventional procedures 
for the selection and preparation of suitable prodrug deriva 
tives are described, for example, in “Design of Prodrugs,” ed. 
H. Bundgaard, Elsevier, 1985. Suitable examples of prodrugs 
include methyl, ethyl and glycerol esters of the corresponding 
acid. 
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The compounds of the invention can be formulated into 

pharmaceutical compositions as described, vide infra. In a 
preferred embodiment, the compound can be administered 
over an extended period of time in a sustained release com 
position. Sustained release compositions are knoWn in the art 
and one skilled in the art can formulate an acceptable com 
position based on generally recogniZed parameters in the art. 
In a most preferred embodiment, the glycerol ester can be 
used in the treatment of in?ammatory conditions, described 
herein, in sustained release compositions, i.e., a transdermal 
patch, as knoWn in the art. Suitable methods to prepare a 
transdermal patch can be found in US. Pat. No. 5,814,599, 
5,846,974 or 4,201,211, the contents of Which are incorpo 
rated herein by reference. More particularly, the compounds 
can be delivered transdermally using the types of patch tech 
nologies available from Ciba-Geigy Corporation and AlZa 
Corporation. The administration of the pharmaceutical com 
positions of the present invention can be intermittent, or at a 
gradual, continuous, constant or controlled rate to a Warm 
blooded animal, such as a human being. In addition, the time 
of day and the number of times per day that the pharmaceu 
tical formulation is administered can vary. Administration 
preferably is such that the active ingredients of the pharma 
ceutical formulation interact With the in?ammatory condi 
tion. 
A “therapeutically effective amount” is an amount of an 

ATL, such as ATL-1 or an LXA4, such as 15-R/S-methyl, 
LXA4, suf?cient to produce a measurable inhibition, reduc 
tion or prevents angiogenesis in the tissue being treated, i.e., 
an angiogenesis-inhibiting amount. Inhibition of angiogen 
esis can be measured in situ by immunohistochemistry or by 
other methods knoWn to one skilled in the art such as mea 
surement by FAC analysis that monitors P-selectin or VEGF 
receptors. See also FIGS. 4 and 5. 
More speci?cally, the pharmaceutical compositions of the 

invention can include a “therapeutically effective amount” or 
a “prophylactically effective amount” of an antiangiogenic of 
the invention. A “therapeutically effective amount” refers to 
an amount effective, at dosages and for periods of time nec 
essary, to achieve the desired therapeutic result, e.g., a dimin 
ishment, reduction or prevention of angiogenic factors asso 
ciated With various disease states or conditions. A 
therapeutically effective amount of the antiangiogenic can 
vary according to factors such as the disease state, age, sex, 
and Weight of the individual, and the ability of the antiangio 
genic to elicit a desired response in the individual. A thera 
peutically effective amount is also one in Which any toxic or 
detrimental effects of the antibody or antibody portion are 
outWeighed by the therapeutically bene?cial effects. 
A “prophylactically effective amount” refers to an amount 

effective, at dosages and for periods of time necessary, to 
achieve the desired prophylactic result, i.e. prevent. Typically, 
since a prophylactic dose is used in subjects prior to or at an 
earlier stage of disease, the prophylactically effective amount 
Will be less than the therapeutically effective amount. 

Dosage regimens can be adjusted to provide the optimum 
desired response (e.g., a therapeutic or prophylactic 
response). For example, a single bolus can be administered, 
several divided doses can be administered over time or the 
dose can be proportionally reduced or increased as indicated 
by the exigencies of the therapeutic situation. It is especially 
advantageous to formulate parenteral compositions in dosage 
unit form for ease of administration and uniformity of dosage. 
Dosage unit form as used herein refers to physically discrete 
units suited as unitary dosages for the mammalian subjects to 
be treated; each unit containing a predetermined quantity of 
active compound calculated to produce the desired therapeu 
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tic effect in association With the required pharmaceutical 
carrier. The speci?cation for the dosage unit forms of the 
invention are dictated by and directly dependent on (a) the 
unique characteristics of the active compound and the par 
ticular therapeutic or prophylactic effect to be achieved, and 
(b) the limitations inherent in the art of compounding such an 
active compound for the treatment of sensitivity in individu 
als. 
An exemplary, non-limiting range for a therapeutically or 

prophylactically effective amount of an antiangiogenic of the 
invention is 0.1-20 mg/kg, more preferably 1-10 mg/kg. It is 
to be noted that dosage values can vary With the type and 
severity of the condition to be alleviated. It is to be further 
understood that for any particular subject, speci?c dosage 
regimens should be adjusted over time according to the indi 
vidual need and the professional judgment of the person 
administering or supervising the administration of the com 
positions, and that dosage ranges set forth herein are exem 
plary only and are not intended to limit the scope or practice 
of the claimed composition. 

The antiangiogenic compounds of the invention, e.g., an 
ATL, such as ATL-1 or an LXA4, such as 15-R/S-methyl, 
LXA4, canbe incorporated into pharmaceutical compositions 
suitable for administration to a subject. Typically, the phar 
maceutical composition comprises an antiangiogenic of the 
invention and a pharmaceutically acceptable carrier. As used 
herein, “pharmaceutically acceptable carrier” includes any 
and all solvents, dispersion media, coatings, antibacterial and 
antifungal agents, isotonic and absorption delaying agents, 
and the like that are physiologically compatible. Examples of 
pharmaceutically acceptable carriers include one or more of 
Water, saline, phosphate buffered saline, dextrose, glycerol, 
ethanol and the like, as Well as combinations thereof. In some 
instances, it can be bene?cial to include isotonic agents, for 
example, sugars, polyalcohols such as mannitol, sorbitol, or 
sodium chloride in the composition. Pharmaceutically 
acceptable carriers can further comprise minor amounts of 
auxiliary substances such as Wetting or emulsifying agents, 
preservatives or buffers, Which enhance the shelf life or effec 
tiveness of the antiangiogenic. 

Additionally, the mono-, di- and/or tri-protected alcohols 
of the compounds of the invention provide for sustained 
release of the inhibitory/preventative compound. For 
example, the tri-acyl analogs of the invention provide for such 
a sustained release of the hydrolyZed tri-hydroxy alcohol(s). 
The triacylated analogs are thus de-esteri?ed in the blood of 
the subject. 

The antiangiogenics of the invention can be incorporated 
into a pharmaceutical composition suitable for parenteral 
administration. Other suitable buffers include but are not 
limited to, sodium succinate, sodium citrate, sodium phos 
phate or potassium phosphate. Sodium chloride can be used 
to modify the toxicity of the solution at a concentration of 
0-300 mM (optimally 150 mM for a liquid dosage form). 
Cryoprotectants can be included for a lyophiliZed dosage 
form, principally 0-10% sucrose (optimally 0.5-1 .0%). Other 
suitable cryoprotectants include trehalose and lactose. Bulk 
ing agents can be included for a lyophiliZed dosage form, 
principally 1-10% mannitol (optimally 2-4%). Stabilizers can 
be used in both liquid and lyophiliZed dosage forms, princi 
pally 1-50 mM L-Methionine (optimally 5-10 mM). Other 
suitable bulking agents include glycine, arginine, can be 
included as 0-0.05% polysorbate-80 (optimally 0.005 
0.01%). Additional surfactants include but are not limited to 
polysorbate 20 and BRU surfactants. 

The compositions of this invention can be in a variety of 
forms. These include, for example, liquid, semi-solid and 
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14 
solid dosage forms, such as liquid solutions (e.g., injectable 
and infusible solutions), dispersions or suspensions, tablets, 
pills, poWders, liposomes and suppositories. The preferred 
form depends on the intended mode of administration and 
therapeutic application. Typical preferred compositions are in 
the form of injectable or infusible solutions, such as compo 
sitions similar to those used for passive immunization of 
humans. The preferred mode of administration is parenteral 
(e. g., intravenous, subcutaneous, intraperitoneal, intramuscu 
lar). In a preferred embodiment, the antiangiogenic is admin 
istered by intravenous infusion or injection. In another pre 
ferred embodiment, the antiangiogenic is administered by 
intramuscular or subcutaneous injection. In the most pre 
ferred embodiment, the antiangiogenic is administered orally. 

Alternatively, a preferred embodiment includes the use of 
the compounds of the invention in eye-drop solutions. This 
provides for application to the ease to inhibit or prevent ocular 
diseases such as glaucoma. Generally, the active ingredient, 
i.e., the compounds of the invention, Would be dissolved in an 
aqueous solution that can be applied directly to the eye. 

Therapeutic compositions typically must be sterile and 
stable under the conditions of manufacture and storage. The 
composition can be formulated as a solution, microemulsion, 
dispersion, liposome, or other ordered structure suitable to 
high drug concentration. Sterile injectable solutions can be 
prepared by incorporating the active compound (i.e., antigen, 
antibody or antibody portion) in the required amount in an 
appropriate solvent With one or a combination of ingredients 
enumerated above, as required, folloWed by ?ltered steriliza 
tion. 

Generally, dispersions are prepared by incorporating the 
active compound into a sterile vehicle that contains a basic 
dispersion medium and the required other ingredients from 
those enumerated above. In the case of sterile, lyophiliZed 
poWders for the preparation of sterile injectable solutions, the 
preferred methods of preparation are vacuum drying and 
spray-drying that yields a poWder of the active ingredient plus 
any additional desired ingredient from a previously sterile 
?ltered solution thereof. The proper ?uidity of a solution can 
be maintained, for example, by the use of a coating such as 
lecithin, by the maintenance of the required particle siZe in the 
case of dispersion and by the use of surfactants. Prolonged 
absorption of injectable compositions can be brought about 
by including in the composition an agent that delays absorp 
tion, for example, monostearate salts and gelatin. 
The antiangiogenics of the present invention can be admin 

istered by a variety of methods knoWn in the art. As Will be 
appreciated by the skilled artisan, the route and/or mode of 
administration Will vary depending upon the desired results. 
In certain embodiments, the active compound can be pre 
pared With a carrier that Will protect the compound against 
rapid release, such as a controlled release formulation, 
including implants, transdermal patches, and microencapsu 
lated delivery systems. Biodegradable, biocompatible poly 
mers can be used, such as ethylene vinyl acetate, polyanhy 
drides, polyglycolic acid, collagen, polyorthoesters, and 
polylactic acid. Many methods for the preparation of such 
formulations are patented or generally knoWn to those skilled 
in the art. See, e.g., Sustained and Controlled Release Drug 
Delivery Systems, J . R. Robinson, ed., Marcel Dekker, Inc., 
NeW York, 1 978. 

In certain embodiments, an antiangiogenic of the invention 
can be orally administered, for example, With an inert diluent 
or an assimilable edible carrier. The compound (and other 
ingredients, if desired) can also be enclosed in a hard or soft 
shell gelatin capsule, compressed into tablets, or incorporated 
directly into the subj ect’s diet. For oral therapeutic adminis 
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tration, the compounds can be incorporated With excipients 
and used in the form of ingestible tablets, buccal tablets, 
troches, capsules, elixirs, suspensions, syrups, Wafers, and 
the like. To administer a compound of the invention by other 
than parenteral administration, it can be necessary to coat the 
compound With, or co-administer the compound With, a mate 
rial to prevent its inactivation. 

The present invention also provides for packaged pharma 
ceutical compositions useful in the prevention or inhibition of 
angiogenic activity in a subject. The packaged pharmaceuti 
cal composition includes a container holding a therapeuti 
cally effective amount of at least one ATL, such as ATL-l or 

an LXA4, such as l5-R/S-methyl, LXA4, or a pharmaceuti 
cally acceptable salt, esters, amide, or prodrug thereof and 
instructions for using the therapeutic compound for prevent 
ing, reducing or inhibiting angiogenic activity in the subject. 
Additionally, the present invention provides therapeutically 
effective amounts of packaged pharmaceutical compositions, 
e.g., ATL-l, LXA4, l5-epi-LXA4 or l5-R/S-methyl, LXA4 or 
pharmaceutically acceptable salts, esters, amides, and pro 
drugs thereof, and instructions useful to treat, i.e., inhibit or 
prevent, solid tumor tissue groWth from undergoing neovas 
culariZation, neovasculariZation from occurring, neovascu 
lariZation from occurring in retinal tissue, restenosis from 
occurring folloWing angioplasty in a tissue Wherein smooth 
muscle cell migration occurs, or reducing blood supply to a 
tissue required to support neW groWth of neW angiogenic 
tissue. 

The present invention also provides angeogenic com 
pounds that facilitate angiogenesis. Surprisingly, con?gura 
tional isomers of LXA4, LXA4 analogs and ATL analogs, 
LXB4 and LXB4 analogs and pharmaceutically acceptable 
salts, esters, amides or prodrugs thereof, provide the opposite 
effects With regard to revasculariZation of tissue by the above 
identi?ed compounds of the invention. That is, it has been 
surprisingly discovered that LXB4 and LXB4 analogs have 
the ability to stimulate regeneration and ingroWth of vascular 
or epithelial tissue in tissues that are in need of such stimula 
tion. This is especially important in tissue grafting, tissue 
engineering and prosthetic group sites of attachment. There 
fore, the present invention provides methods of tissue regen 
eration, compounds for such application and packaged phar 
maceuticals to accomplish such results. 

For example, cardiovascular disease occurs as a conse 

quence of the partial or complete blockage of vessels carrying 
blood in the coronary vascular system and in peripheral vas 
culature. Occlusion of the vessel can results in death of tissue 
previously nourished by the occluded vessels or inability of 
the vessels to transport su?icient blood supply to regions 
requiring high blood consumption and accompanying nutri 
ents. Blood vessel occlusion can be partially compensated by 
the natural process of angiogenesis, in Which neW conduits 
are formed to replace the function of the impaired vessels. 
These neW conduits are referred to as “collateral” vessels and 
can help in the restoration of blood How to the deprived tissue, 
thereby constituting natural bypasses around the occluded 
vessels. HoWever, some individuals for various reasons are 
unable to generate su?icient collateral vessels to manage the 
consequences of diminished blood ?oW from cardiovascular 
disease. 

The LXB4 compounds of the invention can be used to 
enhance the body’s natural ability to repair itself by under 
going natural angiogenesis. As can be seen from the contents 
of the speci?cation and Figures, vessel groWth is stimulated 
by these unique compounds. This process and use of the 
present compounds can be utiliZed for the treatment of 
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Wounds. The LXB4 compounds help stimulate the healing 
process, causing re-epithelialiZation and vasculariZation to 
occur. 

Suitable lipoxin analogs, including ATLs, LXA4s and 
LXB4s encompassed by the present invention include those 
having the folloWing characteristics. 
The instant lipoxins comprising an “active region” and a 

“metabolic transformation region” as both terms are de?ned 
herein are generally of the folloWing structure: 

wherein R1 can be 

R2 
HO QH 

Q 
R317 R311 

and R2 can be 
0 
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-continued 
Zi 2i, 

(fonns ring) 
R5 5 Ziii 

Zv Ziv 

10 wherein Z, Zl-i, Zl-ii, Zl-v and Zv are each independently 
selected from iNO2, iCN, 4C(:O)iRl, iSO3H, 
a hydrogen atom, halogen, methyl, 40R,“ Wherein RC is 
l to 8 carbon atoms, inclusive, Which can be a straight 

15 chain or branched, and hydroxyl; 

(vii) a detectable label molecule; or 

(viii) a straight or branched chain alkenyl of 2 to 8 carbon 
atoms, inclusive; Wherein Ql is (C:O), SO2 or (CN); 

20 Wherein Q3 is O, S or NH; 

Wherein one of R2 and R3 is a hydrogen atom and the other 
is 

(a) a hydrogen atom; 

25 (b) an alkyl of l to 8 carbon atoms, inclusive, Which can be 

30 

35 
(forms ring) 

40 

In one embodiment, the lipoxin analogs of this invention 
have the folloWing structural formula I: 

45 

50 

55 

Wherein X is R1, OR.l, or SR1; 

wherein R1 is 

(i) a hydrogen atom; 

(ii) an alkyl of l to 8 carbons atoms, inclusive, Which can be 60 
straight chain or branched; 

(iii) a cycloalkyl of 3 to 10 carbon atoms, inclusive; 

(iv) an aralkyl of 7 to 12 carbon atoms; 65 

(V) phenyl; 
(vi) substituted phenyl 

straight chain or branched; 

(c) a cycloalkyl of 3 to 6 carbon atoms, inclusive; 

(d) an alkenyl of 2 to 8 carbon atoms, inclusive, Which can 
be straight chain or branched; or 

(e) RaQZRb 
Wherein Q2 is *O* or isi; 

Wherein Ra is alkylene of 0 to 6 carbons atoms, inclusive, 
Which can be straight chain or branched; and Wherein Rb is 
alkyl of 0 to 8 carbon atoms, inclusive, Which can be straight 
chain or branched; 

Wherein R4 is 

(a) a hydrogen atom; 
(b) an alkyl of l to 6 carbon atoms, inclusive, Which can be 

straight chain or branched; 

Wherein Yl or Y2 is 40H, methyl, or iSH and Wherein 
the other is 

(a) a hydrogen atom 

(b) CHaZb 
Where a+b:3, a:0 to 3, bIO to 3; and 

each Z, independently, is a cyano, a nitro, or a halogen 
atom; 

(c) an alkyl of 2 to 4 carbon atoms, inclusive, straight chain 
or branched; or 

(d) an alkoxy of l to 4 carbon atoms, inclusive; 

orYl and Y2 taken together are 

(a) :NH; or 

(b) :0; 
Wherein R5 is 
(a) an alkyl of l to 9 carbon atoms Which can be straight 

chain or branched; 

(b) *(CH2)n*R 
Wherein n:0 to 4 and Rl- is 

i 

(i) a cycloalkyl of 3 to 10 carbon atoms, inclusive; 

(ii) a phenyl; or 

(iii) substituted phenyl 
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Ziii 

Zv Ziv 

wherein Z, Zl-i, Zil-i, Zl-v and Zv are each independently 
selected from iNOZ, 4CN, 4C(:O)iRl, iSO3H, 
a hydrogen atom, halogen, methyl, iORx, Wherein R,C is 
l to 8 carbon atoms, inclusive, Which can be a straight 
chain or branched, and hydroxyl; 

(c) RaQaRb 
Wherein Q, is O or S; 
Wherein Ra is alkylene of 0 to 6 carbons atoms, inclusive, 

Which can be straight chain or branched; 
Wherein Rb is alkyl of 0 to 8 carbon atoms, inclusive, Which 

can be straight chain or branched; 

(d) iC(Riii)(Riv)iRi 
Wherein Ril-l- and Riv are each, independently: 
(i) a hydrogen atom; 
(ii) CHaZb Where a+b:3, a:0 to 3, b:0+3, and Wherein 

each Z, independently, is a cyano, a nitro, or a halogen atom; 
(e) a haloalkyl of l to 8 carbon atoms, inclusive, and l to 6 

halogen atoms, inclusive, straight chain or branched; and 
Wherein R6 is 
(a) a hydrogen atom; 
(b) an alkyl from 1 to 4 carbon atoms, inclusive, straight 

chain or branched; 
(c) a halogen. 
In one embodiment of this invention, the lipoxin analogs 

have the folloWing structure 11: 

HO 

Wherein X is R1, ORl, or SR1; wherein R1 is 
(i) a hydrogen atom; 
(ii) an alkyl of l to 8 carbons atoms, inclusive, Which can be 

straight chain or branched; 
(iii) a cycloalkyl of 3 to 10 carbon atoms, inclusive; 
(iv) an aralkyl of 7 to 12 carbon atoms; 
(v) a phenyl; 
(vi) substituted phenyl 

Ziv 

wherein Z, Zl-i, Zil-i, Zl-v and Zv are each independently 
selected from iNOZ, 4CN, iC(:O)iRl, iSO3H, a 
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hydrogen atom, halogen, methyl, iORx, Wherein R,C is l to 8 
carbon atoms, inclusive, Which can be a straight chain or 
branched, and hydroxyl; 

(vii) a detectable label molecule, such as but not limited to 
?uorescent labels; or 

(viii) an alkenyl of 2 to 8 carbon atoms, inclusive, straight 
chain or branched; 

Wherein Ql is (C:O), SO2 or (C:N); 
Wherein Q3 is O, S or NH; 
Wherein one of R2 and R3 is hydrogen and the other is 
(a) a hydrogen atom; 
(b) an alkyl of l to 8 carbon atoms, inclusive, Which can be 

straight chain or branched; 
(c) a cycloalkyl of 3 to 6 carbon atoms, inclusive; 
(d) an alkenyl of 2 to 8 carbon atoms, inclusive, Which can 

be straight chain or branched; or 

Wherein Q2 is iOi or iSi; 
Wherein Ra is alkylene of 0 to 6 carbons atoms, inclusive, 

Which can be straight chain or branched; 
Wherein Rb is alkyl of 0 to 8 carbon atoms, inclusive, Which 

can be straight chain or branched; 
Wherein R4 is 
(a) a hydrogen atom; 
(b) alkyl of l to 6 carbon atoms, inclusive, Which can be 

straight chain or branched; 
Wherein Yl or Y2 is 40H, methyl, iH or iSH and 

Wherein the other is 
(a) a hydrogen atom; 
(b) CHaZb 
Where a+b:3, a:O to 3, bIO to 3 
Wherein each Z, independently, is a cyano, a nitro, or a 

halogen atom; 
(c) an alkyl of 2 to 4 carbon atoms, inclusive, straight chain 

or branched; 
(d) an alkoxy of l to 4 carbon atoms, inclusive; orYl andY2 

taken together are 
(a) :NH; or 
(b) :0; 
Wherein R5 is 
(a) an alkyl of l to 9 carbon atoms Which can be straight 

chain or branched; 
(b) *(CHZ), *Rl 
Wherein n:0 to 4 and R1. is 
(i) a cycloalkyl of 3 to 10 carbon atoms, inclusive; 
(ii) phenyl; or 
(iii) substituted phenyl 

Zii 

Ziii 

Zv Ziv 

wherein Z, Zl-i, Zil-i, Zl-v and Zv are each independently 
selected from iNOZ, 4CN, 4C(:O)iRl, iSO3H, a 
hydrogen atom, halogen, methyl, iORx, Wherein R,C is l to 8 
carbon atoms, inclusive, Which can be a straight chain or 
branched, and hydroxyl; 

(C) iRaQaRb 
Wherein Q, is iOi or iSi; and 
Wherein Ra is alkylene of 0 to 6 carbons atoms, inclusive, 

Which can be straight chain or branched; 


































